
UNCLASSIFIED

AD NUMBER

ADB183061

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Foreign
Government Information; SEP 1951. Other
requests shall be referred to The British
Embassy, 3100 Massachusetts Avenue, NW,
Washington, DC 20008.

AUTHORITY

DSTL, AVIA 28/3321, 19 Nov 2009

THIS PAGE IS UNCLASSIFIED



MAN3 i. o'
. N.G.T.E: .M U AD-B 183 061 - "

MA W-52111 iiiii
- A 2 t.

-_DTIC
I~~l ELECTE i

.: , MINI$T4 . OF SUPP-LY

NATIONAL GAS TURBINE ESTABLISHMENT
PYESTOCK. HANTS. WHETSTONE. LEICS.

tI

* MEMORAVDUM No. M.127

A TEST TO ASCERTAIN THE TURBINE
BLADE TEMPERATURE PROFILES
- ON A W2/700 ENGINE USING'

DIRECT WATER SPRAY COOLING

by

" CTIC USERS ONLY' K.R.F.KENWORTHY / _ _ _.._ _

- , _ _ _ _. G V. ,__

16f -

.SEPTEME, 9-
94-11352 ,,FW, eF.t. a - . -

I _ .'Z .,,..a

143 076



ISCLAIMEI NOTICE

THIS DOCUMENT IS BEST

QUALITY, AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

KtRKUD U CE LEGIBLY.



.e~nr~iu~ * 127

:WLI.L OA.1 TURZJ. ZiT.L~I.U _________

Acf~, ,ij; jot

A Test to Ascertain the Turbine Blade Temperature NTIS CRAWI

Profiles on a '.470j0 En~ne uzcing Direct Water !llfO~~~

3pray Cooling
By_____

-by- -
Avadlibility CodeS

Avail dildlor
K.H.±'. Kenworthy Dist speial

Considerable infcrmation has bevrn obtaidr.d v.ith t'his woethod

Q!' cooling in a ',2/700 e:-ci'nu on the .yanr ,ise distributi-n )-- tc1mpera-

'cure in the turoine bladva. Previous reports have r.,cordud tl o

changes in tempcratur, :. noniintl rO, chord at :;evera-l r~dial

-'ations.

In order to invasti:!ate further +he temwpurature Zjitri-3ution,

is,9th 3panv.'isu and chor&.-.ise, a siurico of' testz. wcns mada usin:; "indicator"

blads of Silver Ste.ol tho hzorde.mvd con~dition. B~y xuaiin;- the

blades in the engnine thvy were tvmr,,ord according to lecal 1ureiortaturc

conditions and hence b, using tho~ hardn.,so/temperaitureo relationship of

the material the tempursture distribution over thQ whole of 1.hi bla&.

surface waos determinud. Engine speed waslimited to 15,000r. .

from stress considerf~tions,

The tests have ow th-. t -. ith -. flow if wter, *fiutto

roauce the lu .tding udro tVm,)ur- .turv by. io)% the trailin O-.~ e,' 13M

t~m~rturc ~re~,:~z ~y 10 "O i, nur

i~y ,uitablv azp,)jition of thu -v-'.tr j.,ts it should ba 1)0331blu

to achieve uniform coolir-,,if required, ,an- the l.r. th ol' k~ blade-

within 100"0.

Under normal. ranrning conditions -.t 15,000 r.p.m,. vithout cooling

the variation across tho chord is loss thc'ii 6000.
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2~~tht; otarit-s o A' tjta on tho .2/tOO -,ngine~ u~r direot
-- tr-rcj V-r turbinu bl~d.. coo~in~g, a. noi.jlute bl!'.de surf,=e tonporature

V-tt~rntin required. ThrQs'. -.1turixative r.(thod-, pr% itod thozmelveL;
for :,tninirig -,*'.ia infornrtion: -

(c) 71 use ofC h-;rvqo-indic, tor til

There -.. objocti-ina. to -.11 i-thoda -i ±'innIly (a) -.ov,3 V.-S
ov,)z-nr fir th,; :'ollovir.n rcizons. The uso of: th:;rvooouplvs would Ltail
f'ar te.jpir.:- th~un eul~Jd b... %t -r-nt utod with existing .111,') ving

, *ozu.s If rmo-snjitiv. ".ints usod thun -% p,-nted 41.)t ra~ke
(.,)- lte with c.-r~tra, thcrrmocou A, -;.uld h,.,vn to be; f ittod, tuiorc and

czftor the turbin~p to carrukto coluur/tur. .;r:~uruj chingoa, =d n ± additibn,
the 'nalusun .' v.r4ter in the g* .s stroim was an unknouwn fnot-,r in relation,
to toliai&~t of th%; 1-dnts, C.130 it -M:.3 b.-ieved that the v.-tdr
woujli tLund to !r;aove zonio- of thts paint This ltft th,)rmo-indllc: tor l1ter-
iala %a a poJi-oility. *in this connection sorn e xperience, had boun g.-ned,
usin.-, Treble au 'jr M~onarzch, flurahete and S3ver Stcuj. in jI.ellut formi for
different tcn.erature rrnngust P~nd obtaining tht. turnpui'turc fron~ thuir
r(.speotive hr-xioss/ternpoi'ature relCti:)nships. To obtain the ~iw ~ '
infz rMtion, It wits intundod to use bl-ads rade of' en~ch of' thoau zxtorialst
,-. betv:ecn the- rrotioally the wholt; rang f'rom 203': to 750'L; autdd be
covere-d. Or, r: e t,;stinC,, however, it wi-s f'ound th,.t Jilver :3tulais
th,. ualy -. Lsuit'.b)lv f ror, strungth considur-,tions. The Tr&.,bo
Supar 3111nrch -_-;i Durahctc; Y;.sr', i p.bofa boir. run under contri'ultal
lto,.dz c,)rrea .. :in to th, ir a4pprJ,,,iirtu hn~dnoe-/to~rL=tur:t r%-.gct
.M~v-.r Steel als ~To 3ubJoct to limitatians oai the f'ollowing tvwill

Tamor- ture 00 2tre-,:s To.ns/srJ .ini. Elons,tion

L.~0 15.0 li, after 1~ bra.

6.00 i, -fer 4#.6 bra,

500 12i 6.26, n~iter 10 hrs,

The omrposition. of' the .Alvor 6tj(. usud v.as as f'ollows: -

'aarbon .95 to 1.03
:Sulphur o025
Silicon .0 3 (!;>.rx)
::ickol .A5
Thrornium .10

2-h-,Slphur .020
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'.'.~ ~.ntr:'v~~. trGu-;; if ti-u v2/700 turbinu blade IS 12.5
.t 1 ,750 r. pon. :.t rh. t.-- etturo, in, tht hirh 1trQosruL:

~ Tioi.~.t Th:~thu; l. U.. ould n._W~ bt, r-un -.t f'ull 39avd ;.rcopt
gos.d.bly undour ;,aximum coolinv. canditions, Tht; t~.is w-.ru thurcuA)ro done
A condit.An S'iving 9.1 To)n/3q~ii. iu± 60000, carr..sponding to a spocd
of~ 15,040 r.p~m., at 50O0 C jct t..in),.r-turu. It wao anticiV- ttd that
a no-imter condition~ could be obittined t~t this ,.putud au za basis t'~r com-.
parison,

1.0 Method

Th,. blades turo mL~ by 3trnd:ard proc.-duro from 2 x i in. iilver
Stool b. a (all picoan for !.chinina, boing obtai aud I'm-i. thu smar . r-.ing)
_nd, Liachinud fron the ;olid, thu s~n-~ilb~Anf worked in thu c:L< o'I-
dition to, Vinal diw.onsions. Th.. blades ',,.%xrdoriod in their fi.i 1dx
vilj.nhc~d at'xto by iv"tcr quenching frr.m '760'0 !'Alj-;:o(d by . low!

turu toracr of' 175*0 four 15 i.-iinutoz. in -tn urdu..v,)ur to Qlii.irmto or~uhin,'.
This unf.ortunatulyv %.r's n-t coipl.utu1-y mcc0u.4mS'ul - id :a wastagu; .af ;%
)4/ wnu. incurrud duo ti .rC .u crzncics, --outly in tho hi:--h tro I:i.np
.oing t,: tho .4harp ~apsin sction. oil qu-.nching %. u -A30o tri .. but
rusultud in thu blad..s nA :, :i,~ tCu rvquirv a Tl~ve bladvs

hardnme., w-,%: obtraua1 ±'ru thu.:'nz nri"b bltAus.
vari.-ti.,Ai ol' tho hrd _-- r,-dinro wrss .ticip.td ol %cauunt of th. aofl-
unifkirmity :4' the bladt. s,;cti.-n, Und-.r thi. coniitioas _::. t..:-t i~v, 3
mrinute:, A, 3oa4y tor-.tr., It 4;~ ron jt~ rnesr- .n
no'-.r th. thick rOot w -.s:.bUt .20 puint.3 V.P.1T. 'igh.r- (- o.ut 120C lulor)
th th:at nu r the tip ;%x the Iom.or t..! um'tMr r-nfte. At th' hi,,hur
t, oviurtures tho diL~crcpancy -..% 1l-:3:;

The blades .. re iunlly h:'nd )-.I od ,n-i h.rdnuus chu;ck..d( rc,,dy
f.or runnin'r. Ono blrhdc wira .-,. unt,;din h h turbi.,u '.Lsc fo~r e:..vh t.,jt, but
bct'.. inntallation -4h- tip :-, roundi dovmn (%Aith !-,plo ciolant) ti, Alow
f'or -..:y %.lo.nr.ti~~n -.hich . ht jccur, -alt t,.t3 ior.. dono with v-.fing

watr ~lA.3 rrom~ a nximm )f 797 lb/hr. ,xt -n ..nrint. itod ' 45),010
r~).. :*nd 50000 jut -,dpc t-n ' .r-turu. In thii *.rq, by ot~nrting .,t the
high wat,.r flav uc T tht; r-.;jg-. % chuch .)n th. rr.'wth ±'thu bladufi%
could bu vndc and, -.a tho (Ju.'.titT %.)I -;. t..r -.-:.3 r,.duu,.c±, the tip) could
b., round. accordinly * Th, . 1..;.. tion n:.:i. t i...auiurod, %,. in
usual* prnotio3, over tw;o !i.t1r.. c.--ntro p., iata jvin , to thc. riska vf f"Jluro
due to cracks extondin&. ±ro:n th.. ind,;nt' tili', '-onsucjuutly au.rnB

w rx&rad "overall" (limnaion "V'" 1~ ) - nd thu ..lon--tion ia ru±'crrad
to on this loangth throughuut. Tho curves ;ivun in f'if.8 do nit thuroiare
represent truo strain. Timn tuAs viro *.A% t 15,040 r.p.m.. -,nd 500 0C
jet pipe temporaturo :,nd two --.t 14,000 r.p.n. -d !,.80'C jut pipe trprt
turu, the 1-kttor to chock on chm.nto in t..i;iperati )ruf~oiilu.

Erxci' tuf %xasA C run X' 30 rainut,: 'ror. tho ns~
cinditi.no. Tlhu. 61-.s ,..rj -iv,,n thu , aiv;,t4 :'..n -Ur qu~xuh .

shut .' t-. -.. v."ttur (-..hc~n usu:!) -nd wt:n. i.re hu-- -1ju sirailtz,,..u~il,
thu la.ttur )n tho 1i.P. cock.

T1..ucm. u ,;ti~n ,utl.)t tf'~~ i clu t~Irom! Jvt

T'w. wnttur la;,.ctiin sjztr.,. -,;% 6ir.dlP.r that u:din qrv,_,-,u
tootS (Rul'. I -ad 2), i,*ator vrau fCud ti thu inneor .~rLd3 )f 1-vir vqaljiy



o~oin.sLruido vr-'u 'and o$votod from three~ sr.11 ta i-z in the trai4l-

Aft.;r .:: .oh run the bl- Ik vm~a ro.vud frm th.o rai.. id ngtrin hrzd
' olUSheCL.n.rui :.arkod jfV' by mix-ma Af a. yuaic.1 jig rani t---o as incarn~
Lod in Pi-. i roa~y for hness checking. Thu bl-nde wz= then mounted in
a jig f or this operation nd htnrdrwss rardings teckan, uoi-,- a. Vickers~
P"Iromid vr.,chinet with v'. 30 kilora~ne load, on toach surfro u±' the, bl,.31o.

In Fig. i it unq be aiticed that the sponwise stn-,tion3 on the con-.
care side Lf the blrxlc are offsot ta thio of the convex side. This was
dona so tha~t VOPI;. rec'.dihgs mnde t the thinnor sootion _ti the bile
(loading, md trailing edlges mn4 tip) would not be :i'fcctel due to thini-
noss O~f section or proximiity of indentcatio)ns m thi roverso_ midQ (oantre
of improssions to bo > j timos thuL.diagon:-l from~ -my ode axd thickn3s
undur toat should bo > i. tims aUagoa ."f il'r. zo

3.0 Discussion

It uill be In procicat~d f ru tho. nur:.r of V. rjnintr, roquirde&
i .i. th~. n xs~r~i A.s l~±~~urcz coulj. b,. Vr. toaitd. To Ituep

thiu n .t,. within rA~uwL~zu mnla- theo tis )i' .'*A or' tho
Aadus run. .t 15,04,0) r.p.m. -mru ';.n'. h.. -jth.r bl1.!,xi i:,1l into
the Conorral pa~ttern --id th-.. two ln~ run .- ; L.-vur eux.had corrus-
~rondinfly roducocd t~az:praturv profilo.

Fi'urus 2 t:) 6 show the tea.;r-%ture *rui'ilv.. .:.A~a f].ow~ij
This rathod of' preseiit-.tiun h-us bvvn ohusu'. uo th-,.t m * v-rall piturt. of~
the bl,,du tmrnpa''turu distributim~ i,,.vy~ oo %o-sily au;,n. ~~arn
stnitijins r-xe shown uqunl41y zptno'.d *.'r cltxit Y, t h,, -%ctu-.1 loc %tions- bcix
indiotod ins porountr.eoa uoi chord n'nd h%-Aht, Th. a~~~' t -Wi
point is plotted vertiornlly to 01e ocn.lo oi: I inceh = 1010 -ft cThurd
line, and blade hoi,-ht (Fii,.2) repru3.:ntinf, a d-,.tur.-;)1 '2'0 mC c11-.h

'iUpro. Thus -_l1 vorticel oiinntos %ro ~.oriv .liio %b ~vo 20O*C.

In tho uncoulQj& condition (ij .2) it u u 3on tihnt thorti in very
littlo tcp.vraturv x,%d .mnt :.oros4 the; chord *t:n i.~~rtooP
.w~ thQ tip ;.~' '~trrdiliiv ud(.o is --.t x ~ch. tA::pratttru by approx-

n.toly 590- (1., 4..X2!kC, trmilin- t!< 3~C ~n th:; conoavo side
.nd 2$0C (leadinr- cdi 444CC, tr %imin,- 14j7200 on th, con~ex-sido.

This is in Cenercal -:-re:.nt ,.ith Ruli.3 .,thou;-h 'R.P.:,. :.nd tompqrn~ture
conditions re hitihor then th ae~ 1rc sent., in thiz noto (16:750- RX41.
mad 65 0Cc jot Pipe T .mi-rturo) .nd rooul".3 a-~i ~.~c; comppablu.

Fi~3 ho~s ti~ ffcts 0t ~.si 206 ib/1'r. = t~ rd thc

lcre drop in ton.por-uture ( 208 0) nerth . r.;ot lt; i.~ .) ' n the cun-
vex side is apparent. This t(;L:cr.tur%; c rup ns:.A. ..o :,.t-c.c~Lo h
concave fc~u, but it shouid be ;bo.rne; in z:,nd t1hrat itho %Mi~iU
dif'fentlj loovatcd un the; two *Idoa.

The r-;m-ininp curvu:; ,%h. the '- r ti:an - couleCO
-xeta of ho blkde with inomcre3usel cotil.At I'low, :.ui it 'u. QXth-.t
little caillU i:3 boin- contributcd by t: .: our.r diseh-xr iabt (i~o.

*~er tp).Thiz is attribut,;d to t* rsi ~ifl~OL.: h
turbine =nulus ,,.nd to the rozist-n'. t.. rl., of~ Pj .tr This

~fetis cs1*.cirdy ii'tic.... Pt ',h,. liA;er ':'txpreoure.
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T r.11 e:.-ss th~. exjnvtx sides of' tht: ldlr-Avo fa..col, jrcater
Z11.~ntTr.- 6- conave, On *-.I. 1W r.-' be saun typia.-.l waLt~ .--rks on a

~. ~vur Stel .i -vh has run r~t :-, w .ter f'low if' 185 1lb/r. Thi3 water
.ttu:rnation -: the c;;-v,%x sidL- 4.3 typic:%l if* all v;..t.r fl3ous :%d indicates

tno contrifu ini of' the wrtcr naung the :lArdo from, the riot, 11r=m the
a thiz illustration it -.ould b.. expuctod th.t towaii tha tip there

--)uld i.,,: l. rs io-n Wp thu uld uxt~ndink- fror, tht r.)ot luadinr, edge
to~xca IV:-e t--; centre chore.. Ti-s JW con:'irnod by tho t,;mpcr,'turo pro-

2i. 'the cznvex side -.)' the liladus ! t the hi --her flow ratc;s. Fig.6 is
~~~u xl~e his and shows the drop in tQ:..puratiurz toac~rs '4 chird

cnz rrt tip.

Aci.7 show~s tho tompc.rature j-0 the c nvex -.ni conca~ve GidLCs of the
olcnde at 50,. chord taken from the rcaspeotive curve., in ~'~2to 6 and
shows mrore clearly the tempera.ture diffI.;rence throw-h the bl hde section at
=Vy blade heiaht.

As nle.ynotcd, bof'oro running the: blaav tips waere rround. down to
a~loi. I'or possible grovith -nd Pie.I 10 howsp a )ro::.ituly fVull izthe

dif±1 urenco between a bl.Ae before ad aL't-., runnin-. This I ,,xticular blade
had uvI run f.:r 30 ralnutk;3 -.t i5.,=4 r -i..ith -, .;ter i'ol'' 185 lb/hr.
%ndl ;A%a th, "nvokinr! wvhich ccurrea :rnd th,. rvsult: nt :in.A
S Iut o. t hiz -longatiori vlth v-'rin,, f o r &.l l;izdva Lt:3ed in the
t ;.t x.eis -oIsn~ Lt ~.44.U. "*I_; -An~..)."~, thu L: a. is

.'ulsin . i.aiti-.l v:'-rk I, ran- ;jut 1-s L. r Uvud, tt , dugfrae,
L ue t t~i c-er-.tin.. tT~r.tr.his Q:'f...t -..ill be iinvQ:ti-:ted in the

nw. . atura.

'The uxt-nt t-) .hich th, ttji~i[.,' .tur. dt utei ., inilu,;nced by
thQ the:rn~. coaniativity u±! th,, lrtczh. nit bo~n d..turminud. It is not
cniii~red h:),,,vcvr that th,. dif(runca in thi:u oroporty -..; bct-.;u't.n Silver
St:.ol arind a typic-ril bldeittJ ouch -xz iinio 80 v:.-uld naur Xll ffct
the results.

4-,O Conclusions

it i:; siiov.n thrat the ,ver,--.1 t=,--Qr.turc if th.- turbi:.- Arl:dvs nMV
bie cunsider6:Lly reduced by thj Air;ct w;;..tur sprV. msthod of' turb)ine blade

:3 A'i, - 0%--- -- to, th,-. !,.turc .. the Q olinr some t-'sdrr.L~.in,-urature
-Ladient t.,V b- axputctud %.croit the ohircid za.: the su.tthe lower

v-.t~r fl-o. -xx.xd 1-he hi~khur il r.ri.ez this; uffcct i.- v ~arked
-. cux~lin- . comnes more w;ven.

71ho tcsts have Uw sh )Yn tlv. ;ih 's; u-' ur "alf.cient to
reduce the lo,.aing edge tjmpurature uy 300("J, the trailini., uzirc is at a
~u~w erature ---.Proxirotcly I00O highur.

By suitable dispnosition of' the. water Jeti, it should LZe possible to
achieve uniform cooling -lunr~ tht; I.;.n,-th ):' thu wl~u .ithin 10000C or to
v=7x~ the derce of' oolin-, if' required, sul~joat tu this limit;r.tion,

Undur normal runniniv condiiti;)ns .,-.t i5j,0J4 r.p.m. -,-ith.)ut* ciulin(,
*v:rthe v-riation -cross tli, ehi)rd is lez-s thcun 6300.

'Ie tve;ti havi. alsoj th;-.t a susi~ndara :.iat,.rial .iuch --s
.~ii'.x 2tA s capabL, XfZii u:;vd in -t ur:iiio :'r uhirt Aods if

-wucat-y (-;ul(-d.



The iurit,..r to acnaa,1ud, thv v-1u:.-l:ni~ todi-.us ivork,
ihich has b On dunu ',Y :',3303a iirlu.i lu 'Ijrrmvn in r; Aing ~f4trans-

cri*.inZ the rasult:t.

I IX.Rd:. ?wnvi.rthv; Frmiraina.ry tests to investigatc Turbino
Ll,-.du Coolir~g by Divuot Wator Sprny;

e~~~n~m No. 4:,75,

2 X.R.e. YK.nvort1q Furthor toots .)Ii r. ~:/on-ino vith-
w-.ur yr~cjuir,i' the turLina

~hc urn.-<,yur~turaei ttd.nad

tu- r~na .tu.nl so mie

The Chi~I' Sci ;ntizt
D.G.T.D.( A)

D/.ER.1

(Dr.~ ': Sutton)

TVO~ 30c-.- -. -



''.

('J

C'')

, t " FOR STANDARD BLADE 3'OS"

-+-

fTATIONS AT INTERVALS,
A LON i I FROM M

TLJUM LINE BOTTOM
OF, BL69E PLATFORM

0O4* TO FIRST STATION (CONV E
(oss'TO FIR§T STATION f[CONgAM SIDEJ

CHORD STATIONS
STATION A A F

Z "FROM LEADING EDCGE A~f j~ L4&-8 41

-SLADE CHOR

LEADING EDCE TRAILJNC EDGE

NOMINAL ~'

POSITIONS 0 N.READINGS ON W

TURBINE- BLADES



WATER FLOW *0 LO
Lfl COVEM, AIDE

N'. y

x

TEMPERATURE SCALE -I INCH 1 lO

DATUM PLANE _(XX & YY) REP

TEMPERATURE PROFILES OF SILVER STEEL BLADES

AT I5.040 R.P.M. & 50000. JET'



WTER FLOW u0 LB/HR
CONCAVE SIDE

2'o

6 (\ ~

'zo
t"C",,oo

00,~9~

.looI

S500C JT PIE TMPEATURE0



CONVE SIDEWATER FLOW a 206-LIJIHR.

DELIVERY PRESSURE I I L o.I

AT ENTRY TO GALLERY PIPE

77

4%4~ %
oe 49\br " A

.FUE 0'

TEMPRATUE POFILS O' SIVER STEE BLDES N W

AT'K0RPM 5Q .JT PP



COJNCAVE SIDE
IESSURE all LB/ISQ IN.-

To GALLERy_- PIPE

oolV

ee , 1 0.0 00 00 0 0

~~LADES IN W21700WTH WAE0COLN
C. JE PIPETEMPEATUR



N COVEX IDEWATER FLOW 420 LB

U) D-EL 'VERY- PRESSURE

U.

(nN

0\. 1>~

neV

WATER 4t
FUEL

TEMPERATURE -PROFILES OF SILVER STEEL BLADES-

AT 15,040,R.P.M. & 50000. JET



ER__FLOW a 420 LB___j.4

ERPRSUR -3L CONCAVE SIDE-

E. -PESRE=9IB-S~N

10000-00

WATER 248

FUELv

~~TEEL BLADES IN W21700 WT AE OLN

5OO~~~C.; JE:IE TEPRTR



CONVEX- SIDE ~rE ~ ~M
DELIVERty PRESSURE =35 LB/SQ.N.

~o

AT0 oo5P40' R0..0 0 C E PP



_____E4_ 6.
SCONCAVE SIDEN

LOl

00/1.%

00000

e87700

SADES IN W2 /700 WIITH AE OLN

* JET PPE TEM ERATUR



0

C_\j ~~~WATER IO 9 l/H

CONEXSIEDELIVERYW PRE.SSURE ._9 WA

000

40000>

AToo e0 ,04RPM.&50.JE PI



FIG6
ow a 797 Lb/H

RESBURE 389 LB I&Q.IN. CONCAV!E 510t

1.000

Sso-a2'

BLADES IN W2/700 WITH WATER COOLING



FIG. 8.

(\j
U')

0 AT NOMINAL 15040 R.P.M. 500°C. J.P.T.

x AT NOM !INAL 14000 R.P.M. 4900C. J.P.T.

ELONCATION MEASURED- ON OVERALL BLADE

LENCTH "L" [FIC. I]

I '

DURATION OF TEST :30 MINS

!IN ALL CASES

0

0 z.0 4.00 600 BOO
WATE LOW CM,, LB/HR

"fr

W2/ 700 SILVER STEEL TURBINE BLADES

PERCENTAGEi ELONGATION vs WATER FLOW

FOR GIVEN RP.M.



FIG. 9. CA
0)

LO

00
4Wq

IX

\ '

300 -,

- ,, -

ZOO 300 4.00 5,00b 600 700 800
VICKERS PYRAMID NUMBER

HARDNESS TEMPERATURE CALIBRATION CURVE

FOR W2/700 SILVER STEEL TURBINE BLADES



FIG 10

CONVEX SIDE

.4-
k.A

CONCAVE SIDE

W2/700. SILVER STEEL BLADE BEFORE
i

AND AFTER RUNNING AT 15,040 R.P.M.

500 0 C JET PIPE TEMPERATURE

AND WATER FLOW OF 185 LB HR



IdstiJ

.." ,' )N,' 6, 1

Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944
Fort Belvoir, VA 22060-6218
U.S.A.

AD#: ADB183061

Date of Search: 19 November 2009

Record Summary: AVIA 28/3321
Title: A Test to Ascertain the Turbine Blade Temperature Profiles on W2/700 Engine Using
Direct Water Spray Cooling: Test
Availability Open Document, Open Description, Normal Closure, before FOI Act: 30 years
Former reference (Department): M127
Held by: The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.
The document has been released under the 30 year rule.
(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.


